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Abstract With the growing pou, er and

shrinking cost of personal computers, the

availability of fast ethernet interconnec-

tions, and public domain software packages.

it is nou, possible to combine them to build

desktop parallel computers (named Beowulf

or PC clusters) at a fraction of what it

u,ould cost to buy systems of comparable

power from supercomputer companies. This

led us to build and assemble our own sy.,'-

tern. specifically for climate ocean model-

ing. In this article, we present oar experi-

ence with ._uch a sgstem, di.,'cus,; it.," network

performance, and provide some performance

compari._on data u,ith both HP SPP2000

and Crag T3E for an oeea,t model used in

present-day oceanographic research.

[(e//word._: _eowu]f, cluster computing, ocean

m,>,l,'[in_, paralDl pro_ranlinin_

1 Introduction

have their own cooling systems, require large

amount.s of electricity and cost typically more

than Sl.O00,O00. The Beowulf approach repre-

sents a new business model for acquirirl_ com-

putational capabilities, particularly for small

to medium sized applications. It coinple-

ments rather than competes with the niore con-

ventional vendor-centric systenls-supplier ap-

proach.

At .Jet Propulsion Laboratory I.JPL). the

ocean modelillg..; _roup recently decided to buil, t

its own Beowulf :_vstelii. the firsl one to built

inhoilse, niainlv to :'111{ OllI" i_icrea...in_ly COlll-

[)lex oceall models. fhis SV>tl:'Ill consists o1" 13

lrite] ('eleron Pentiuni 1I p(":. runnin_ at 300

nihz. interoonnecie_t t)'<,- a [00 nibs t'<-Ist +,ther-

liet network, with a total price of abollt _96K.

The popular killllX was chosen to be the op-

erating system, and being publicly available.

etlable, I much of the Ileede, t ,_ut)t)ortin_ >of_-

ware to tle ,h,,,vnl_>aded t'r<inl lhe ililt,l'ltt,t l'l'(",_'

<>l" charge. [lie colliuiuiiicatin_ l>l<>_r<lliliiiiii_

ill_>,h'i of cl,lic_, wa... tile l[lt_."->,{i_t ' [;I,_ls>ill_ i[ll,'F

Face _ll' XIf>I. ,iilO lit it> p<)rl<lbilit_. lho ,ut,;lll

illl_,i+'l l,i I_, tt'si+',t will t,,, b<l>e,t llli lh_' ]>at;t] -

h'l ()ut'(l[i [){'O_!'iIIII i l'()t'). _aliich ha:- lit'eli (",:-

Itl'>l't>'_qt_)l)imralb,!,,,_t_I,,ll_'r> !1I. It i> :LI_li,

"_i/t' '>l't'{tll Ill,>,it'lill_ ;,})llI]_';/l}<lit_- ''It _IIC!L ;t ]Ill'

_l'a. ilif' ¢'[!t>1_'1". k_.hilti ]_ <'_>lll[)[t'lllt'rll_'li lit lll_'

I'li{llllli'l'Ci;i] IIl;l>",i\t']\ [Jal';ii[_'l liHIII)IIII'F", {'_)1'



l.r_e .T.I-xl r#,rr.,Ivlar_,'>ix+.l(kilh*rlalq)lica

ri,.,_+lh,',,i,j,.ti_+._)l'lhi_.ruti,.l+,i_l,,+,>_,+>:-

Ihe F,,,rf_n'tilanc,, <)r ,,lit" n+,lv.,+)rk ;iwt pr_,,'-,+,tll

-(HII'+* r,+'l'l'l)rFII;lllcl' c{){llt);tri>,<;,h <lal;L ",,viih t.dh

Ill' >l'l)'2()l)().I,,l ('l,:,',. 1'31': .:-.i.L' .[)[.,li,';,li<)l_

rllll>, tr()lll I)111" I)l-+';lll ,_,+,h,I pr<),.!,,lalll.'-,.

2 Setting up the Beowulf
Cluster

l)o(" Jn]+'ntatil)t_ l'+_r:-,+'ttitt_ up a l+e,:)Wlllf clnster

at'+' wklelv available front variollk, :..+otlrces. a,tld

ollr setup tnaizil,. fbllo,.,,'ed that in the "'How to

Build a ]:_,eowulf..\ Tutorial" ill by P.Angelino

et al. All machine parts were ordered from

local contmercial vendors and brought in to

.IPL for assenlblv. _kIost of the parts ordered

were identical to that specified in [1 I, with the

{'x('+'I)ti()tt of ours havin_ faster Pentiunl chip

i f'lI ('eleron). tnore [{.\_I rnemorv (16_mb).

larger disks (1.3 (;b}. and different network

cards (3Corn 905B-TX Bootnerang) and switch

(24 port Superstackl[ 3300). We also have the

t->enefit of a newer version of the l.inux op-

erating system (Redhat 5.0). which was pur-

chased with the Extrem+_ Linux ('DROkl fi'ont

Redhat System,- for less than $3(). Ins{alia-

ti()t,of the operating system or, the nlain clisk

V.++ttt +iS l)lanned, the tnachine boote<l up as ex-

p+_'{'to(t. -['he first rnajor pr<)bletu orwout+tored

was the discover\ that the 3('905[} Iletwork

car<l drivers were riot available on the ('DR()NI

,iistribution...\ (luick search thru tile inter[let

led to Donald Becker's site at (k)ddard Space

t"li+zht ('enter, who re('entlv niade available hi>.

latest vershm (vO.f)91Ii of the netw()rk (Irb.+,r

that ,t()e:< Silp[)()rI t}li:', h+'t.V (,3r(]. It was m)w

a r_)lititt_, tll+ttt,Pr It)<'()tll[:.i[(' :}li> It{'".". (Iri,,er.

+tli_i It)i,u-,tall thi,. a> . +rl<),Itll(, '_()the' kertiel.

\ -erie:- ,)f tv,{',+tk> fl)[]()',+'.,+,+i lit t)rth.r tllnXiltti/+'

t t., m,t_vork [)el't'Ol'rllHh<'(L }Ill(l \ve i'()llIl(] that

in (_l'(h'r f_)r the Cal',l t(,+ d+,lol'+ _I ll)()lll+r- ll+q

:_,,rk [illk. t l., l_)Ih,_i.,_, rilii,< t., tti,,,liti_'<l it,

{'+ lt}()l,+t,-,+,1 \". ',+l,.,li_,_l .k. Ilxl)'_'.

X('\ t-_ li)()t,_-,,,l.x. _ l{)+tlZ+ [I). I

'.'. h+'r+' II _va:. ,h..,.z,',l I_. lO,,+vhi<'l, +_ll<,,+v,,,l I l,,,

.'ar, l , liltl+, r_,+r<' lirll+' 1(:, ,l+,tc('l tl., ,l+'f<_ult

link l)e;it, lh<, n,':.:t lll/.ljilr l,r,)l,h',,l ,.va.'. I_,;,,,.+ t,_

oh.i+, th{' lir:-t ,.v.+r'kine: :.,+>t,,m t() the, 12 <)l l.'r:.-,.

;vith()llt ha,.ir,- t(),'('+t++,_+, th<, h.r,l (Iri`,,, +lli+J

,h) ;t dd ,'a('h tinie. +ts,h,n,, in [1]..\ l('\v h(illr,%

(:,f r{,search (again thru lit+, illlel'llC'l)F.rovide, l

us ,,',,'ith the id+'a {)I" ll>ill+ R lit+' Trinux ( a ,+liskless

`,("t'S,iOll ()f l.i,ux, r;'.'.,i{li._ c(m_l)letely in R.\NI

,-,pace) a.-,a .,,tartin,_ t:,{)i,t for the clotlit]<_ pro('+ `-

<lure. The basic sic l) ()f this pr<)cess >tarts wit h

installatio,of the Iri.ux on the It(';.`,machine

front a floppy drive, which itwlu(ted the drivers

for the S('Sl disk and network card. After the

partitions were setup properly on the new ma-

chine, the network driver is loaded, and a TCP

connection is started with the machine to be

cloned. +['he entire filesvstem was then copied

with the cpio command. This the{hod is deft-

nitelv faster than usin,g dd with large disks, as

cpio is quicker, and has tile major advantage of

not having to discot_ne('t the hard (trives. With

all [3 systems up. connected, and runp.ing, the

last major task was to setup the automount

file sharing system. This proves to be routine.

as the documentation provMed with the atu,l

software was sufficient.

The Extretne Li,ux ('I)RONI c(..e> with

l,oth I.A+_I and .klPI( 'll ,,er_i(',t, of the XIPI par-

allel l>ro_rammin_ nl()<let, an,I we decided to _o

with tile Xll)l(+II version, due to Ollr previOll:-

experiell<'e wit h thi._ software. We dovcnloa(h,(t

a later version (1.:2) of 3lf)l('tl from the :\r-

gonrw Natiotml I.abs wet)site, an, l installed the

proo_ram. _\n fg0 romp{let + was also nee, le<l for

contpilin_ our oc{*g-iil parallel [)['()_r,:_t+l.-, alld tlt+'

.\bsoft rg0 ('(;t+_F,iler was (>_,r ch(>i<{,.

3 Network Perforlnance
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Figure t: Sockets yes. XIPI throughput perfof

ltlallf'e

results with those obtained in 12i with the.JPL

Hyglac beowulf cluster (Figure 1). the netperf

program for BS[) socket tests showed that our

network has a hiffher throughput for packet

+size of less than 512 bytes, and reaching close

to its peak rate by the time the packet size

hit ['2,_ bytes. The peak rate of 9.'_7 _[byte+s/'+s

however was sio_nificantly less than the 11.',

Xll>yte+s,-, observe_l _hh l+|y.o_;tac ,etwork. For

NIPI sett, l ati(i receive [.>erForniartce. oltr+s +sh<>w

sli_;htlv better rate,+s l_r up to {l'_b,+tes packet

sizes, an<l at 6ll(bvte> and t2_l(l'>vtes packet+s.

Fhere is a rather precipituous drop in [)erl+or -

utance betweett _[(bvtes and 32I(bvtes packet

+sizes. and then movitt_ back up to a peak rate

_+t'7.3 1 skibytes/s fk?r 2.'+i6[(b'rte+s packet, t l,>u_h

the r_-ill_O W[II+"Fi + tl]is tale ,ir_fl> ()('('tlrre<l +it ;+t

,]]l['erettt ]ocati_>tt f'<it' the ll',_l+il + Itelwork (he-

Tw+'en :{_l(l+\te-;it_,l t'_>xl,.lwt_'>.), v,ilh nlax]+

tilllm lec<+t'tle<l l_tI, + tel + _.;{ Xll,'>te> s. l>,,+s+..il,le

<'alp',+'+ <)I' llti>, rare ,Ir,>p are :.,t)cket [,lli['+,r >i×e

att<l _'t ttertlei '-e<.ttttelt! -iz_' _L.>I.I hotl<_,>h the exa<t
+ •

<;lu.._, tta+. vet r_+ l.+,[,.t+,+'tttii.,,i, ll<>w++,.,,r, it i>

,'!,';tZ' ;It +hi'- ++<>iltl tlt;IP it i:'-, +],'{I,'tt_]_'tl+ +Jr+ the'

+'+[>+' +>+ Nl(' +j_,',j. let >llttttll;ir'\. t>ll{" lli;l([ti+l+'

\'+ill I.i++l't'l_t't[t t,+'IIt'+ tit.it+ It\ _[iti _>t_ i,l,_r;illl-

I_+liillllltt[<';iti[iU _.t. itPl +>;+_ ki't-+_'+_, !l];ir+ ! i\l,t.+i+_

itL _]/I +.

4 Description of the Ocean

Model

l'he ()<',';,Is ( ;+'.,'ral ('ir<'til_iti<_tl ?\l<><l+,l

(()(',('Xl) ]>, l,a.'-+',l _ul ttw I>arall<'l (),eau

l'r_,_ratu ,'t'()l') <h'vel,fl>e<l al l.os :\Jamo>_

Nati<,ial l.ab<>rzil<Jry [:+]. This _><'eall model

+',+t+lved frorn the li>rvan-('ox :{-<limen_ional

pritnitive +.<illati<m:-, _we;tn ni<+_lel II.5]. d+wol-

Ol>ed +it N():\.\ (;e<flfltysic+il Fluid l)5nart+i<'+s

l.ab<)r'ator; i(',l:l)l.), ar.[ later kt.>,.vti as tlt+,

Setutnet + and ('hervil] model or the .k[odular

Ocean Model (XIC)XI) [6]. ('urret]tly. there
are hundreds of users within the so-called

Bryan-Cox ocean model family, making it the

dominant OG('M code in the climate research

torah]unity. Furthermore+ this model has been

subjected to a high degree of optimization on

parallel machines over the last few years !71i_I.

The OC,('.k[ solves the 3-diniensional primi-

tive e(luations with the finite differet]ce tech-

nique. The equations are separated into

barotropic (the vertical mean) and baroclinic

(departures fronl the vertical mean) com-

[)onent>. The baroclitfic componetit ]+s 3-

dimensional, and uses explicit leapfrog time

stepl>ing. It i)arallelizes very well on massively

parallel cornputer+s. The barot ropic (+Olll[)(Hletlt

i> 2-<]inl+.'tisional. an,] +soLved ]ruplicitly. [I ,t][-

fer>. front the original t+rv+tn-('ox formlllation

iu that it re:_:ov,:,+sthe ri_i_l-li<l appt'oxit]ta:ioil

and treats the _ea +stlr['a('e height as a pI'O°+

nosti<" variable (i.e.. free-+ut'l'a<'e). The Free-

+sur[ace niodol is +superior to the ri_;id-lid model

t)e('au+se it provi,tes lllore .hl'('tlrate solution it)

the _+.)verllili( e(llialiOll+. __l<)re iuip<)rtantlv.

the l'l't"e->lll'!?:t't, tti_.t+'l +:t'otiit'll<l(_ll>.l',, I'O<]il('l:':--

th+, <.:>lt>t>alC(;lii:lillli]<+tlillli t+ttii,i't_,i+sl, [etl:i::t,,!

t>x th:' r:,.:i,t-li,t !t,,h'i.

5 Results 011 the Beowulf

Cluster

\t rhi, ,i>t'_' ,,I' ,"It" ,,t'+'<ili !ill.i_'l i> th+, +,;:r;,<[

ItL_' t,;ii'l+ll'_l['+]:" <_+ll![)<,ii:,:ll :d" Ill<' ill_,,b'l. \\+'

;t:'_' itit,,r+,.-t,,,t ]:i th,' l.,,,:l_.+riii;lii<l, +>1't ti]- -,+Its'!



_,.]+',u,hichc<mll)rL-+,_ HlpI('H _Jf' tD' c_bElltmla

r i(,rn ansi _<>r_llllnlllicaliqun r,_lltin_,_ +d'tFle m,.l_'l,

,)t_ ,litt_'r+'tLt lmrallM iIlmhin+.-. 1'2.h ,d'vtw. ilia

I hirl_' <_,Irlpar('<i tq)rllll_ il'_ <,'Air ittlt:,leltlerzt;i

th._n ,d' vii+' Xll'l tv_+,,..-ae._,t}a:-.-il_,_,:al'{'hit('('llll'e.

]h_' rrl_,,t"'l _ri,J ..ix+, ch{_n{m for l',_,titl_ i_, it "2

<l+,e,r{,. x I de_ree u_l+)t>a](}cP,, rllo,Je] with 1";0

x ix{j horizontal _r'i,t p(fint-arl+J 20 vertical

b,v<,l>,. wt,i,h is., lh+, ]ar_esi -]z', thai can lit

]n ,,ur ('rdv I':_1": Im'tm)rv t(_r a tw<) t)t.: r_l,.

IH+, P()t' :2-,I]n.'n.,.i_}_lal n(dw,r co, t+, !ln_,n a !)

p<)ivtv :-,terl<'il >,<'h(,nle wilh ,lia,_,olial precon(ti-

tionitt_. Tim pperf packaKe.whir-h takes ads

t.aritage o[ tile npe<:iaL _Iodel Specific Register

(_[SR) of the Pen_ium proc+_.-+sor, is used to

obtain accurate tinle and floating point oper-

ations ([:[+OP} count for each iteration of the

solver. It unuallv taken ne'+era] iterations for

the .-+olv_,r 1o {'omph, te one tinwstep of a model

run. i.e. for the solution to,'onverode. Pet'for

mance .,peed is defitmd as

.%pee<] =
F'I.OP per tiros+step

execution time per timestep

ami averaging thin ow_r tile total nunlber of

till]enteps. [o exarilitte tile diffeI'eb.ces ill the

flop rat',, we al>.o Iooke, t aT tile ratio ofcompu-

tati<)n t,, t'()Itlllltllli<';lfi{Jtt {'(}1" thi' Ullrl'eI|l l)rol,-

I+'t_ _ri, l size, _llc)wtt below in ({)Jutl_ll 3. Sin.._l,,

lit)de t)ert'Ol'ltlallce l'C, nilItn for t}/{ + Si)IVi:F ['llllnillg

')n two prcwennol'S are a.-, {'oli(}w>:

i

; Xlachine [Sp{+e,l (Xlflops J Ratio I
, I J
i Beowulf ! 11.9 13.23" i i

i ('ray-I':_f': i 22.7 8.7:1

i t':xeml)i<lr ; 39.1 0.57: I

Iat,le I' _<)L_+'I' I}erl'_,':',_atl{+ '

1t_,' tit ) t:x+'t_lpl,r i- +,It :";t}t+'_}t}{)t} llla{kil,'

I>,)-_'I'{',i [}_ tLl{, t>\ ',{}{}l) kl_c citil} l'll[lllill_

lii}IX. _itil ;t [},'ak tl,} I) rat,' ,+: .20 Xlth)l> -.

l,.:_illl,,cl. ',_illt ,i (;_,ix_ ,<dE+'!,'l ". ll_muI:]l;}l:I

t]_,'[_,}r', <,<,,-> __Xt II \, ;trc!!;t,,_tur_,. {)+

ttt,',+li,,r h;in,J, th,' I::I: _i-,'.-tel,' I)l:(' \It,H;

-,I},'_'<1 <,f i;(}I} Xlfl(,t,,>. I1,' \lr)lla:_ ar+, _(,r]

t_,,ct_,,l I,_ a t+i,_,}_t,all,Iwi,lnh, h_-Ial,n_", t,i,l]

r_'_ti_}rl;il :_ I) t,lr+l- _.',"-.tertl itil('t'._<illriP(l rli,t-

_,,'k. lh,, t,,,-P ,_t}tirtiiz;llhm liar4> availat,l+, :.,r+'

apl>li',,] _<} lh+, (<)lvll;ih,r fl>r .,.11 (_t' Ill,', .:_t,,'>,,.'',

tit;l<'hill+"-. ]{+'{allse +)['t]l{' r'(llllllllll/i('alii}ll +}t,l,f

hea{In, th+, net flup r;ilr' _ivevl ;+i}u}v, +, is lov,et +

than llle a_tual fl+,p rat+, iu a<'rc, r, lan<'+, ,.vitl:

tli{' ;+Itll()lJlii {i[" tillI"' >pent ,l,.}in_ the i"ott]miini-

{';it i<)tln.

(;iV(HI th;it 'file <<}tllplltati{)tl to {'{}IHtttlirl]i;-l-

lion ratio in about the nanle l'{}r the t}eow_llf

ami the I:_K. the B_'owuif tlop rate in cl{>,e to

what wa.,, expected with its peak flop rale o[

about :]00 Mflop/s. half that of ti_e T3E. On

the otiler hand. It is notable tilat on the IZx-

enlplar, the model spents more of its time on

{'onlnlunication relative to the other two ma-

ct]ines. ,with the faster performance due to tile

IP2xeniplar's coherent nleinorv caches (at least

v,'ithin a hspernocle). This explains why the

Exemplar fl{}p rate is so much higt/er tiian ex-

pected from its peak flop rate. which is only

about 2.1 times fa>ter than tile Beowulf peak

flop rate. We a',so looke, l at ti_e nolvor speedup

nleasurenlent> t'(Jr tile ai)()ve Iri,t :-ize+ shov,n ]n

t?i_llre "2, 11:-ii1 ° lh.p ,_t})o',.( "_ lV,,o PI': r+tn a.-, _1,,

banelille.

+: /+
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5

,/

l']U:Jr,' "2: _,}l',,'e-[>,'+',teal> _l,Iitl,alri-i,rt, lit',.,'-

ir'{,t[[ I]t,' [i_:i['+', \'.+'-,'+' Ill;it till' l++'{}\',ilLt



-r,,,,,<],ir,i_<,_t_,+,.r.l,i,,t,,that <,l+th,,131"..lh,,

Ii:<,';Hl_t,_r ,'xhil,it.-, ;,r, iut+'r+':-,t]tiu, _up+,rlir,,,.r

-l,,',',l,lt_ ,.',.]¢h it.. l,_,rlLl.,r +,t I*r<.,'_.'.<._. v+hhh

,,_._, ;,l!r]l>lit_, Y_ th,, ]lltF;illyi.,+,l'li+_+h, IIH'NI()F\

,mtt]r,_ ]vl +_;It_ul_tn]catitl_ ,].aga. ()vvr;ill, ',,,_'

:_,+,that if., i_+'owlilt'_lu>ter [.,+,rI'_.rnl:i'.:iv_._r-

;,t,tv ill c_ltlpar'i_<:.tl, an<l <'_>I aF.ml lO titw.:-.

I+':'..'. i:.('[" ll()'t+' l hall l,acii ()i' <:.l h+'r t w<) ma('hir.,_.

l:inally, v'> c<>n,,ilwe <_ilr'_+,Ive>. ;-It,l olh+,r_.

that ,ll aclua] El,><h,l r'tllk ]+ f+,a.<.il,h,, we setup

;tu exp+'i'iui,,tlt v,,+ith tlm P()F' tnc, h,l. u>iti_ re-

all<--tic topo_raph, an_l [<.'<'in_ the tnodol ,,',.'itIt

r+'a.l ,.oan v,ind. (f'rotli t he l+]urop+,an ('entre for

.k.lod+urn Rarl,:;,+. Weather l:<:>r+,cast (E('MWF).

salinit,,, ati+J tomperatltre I.[.evitus) data. The

model domain ranges from L00E to L30E and

0 to :]ON+ (closed ,,',+all on all four sides), with a

resolution of i/3 de_ree x I//3 degree ,and 20

wrtical levels. The sea level output at the end

of a 120-day run is shown in Figure 3.

411,

l"i,.,ur_, 3: N+,a level _)ilil>Ut .+it en,l _:,f' t20-,la'+

tt,+c,<hq run. ,.;it Jl c_+h>r-,,+ale ran_in_ l'roui purF, i,i,

!h>_'._':--t, +_i pink { ili,,_th_,.-,'t ).

6 Conchtsions

,.,'_ltl :i:_.J_'iitt'-t ;tt,i>ii_+_ti,>ri .... '-f>_'<'].ll_ t,,v

-_+_:_ll l,, t_,.,ti_li,_ -i.','+d i,r<>t,l,'il_-. \_iIF, !It,,

< _,rt_'+i+ :r+'ml-]ti I'(' l_vhirlu. +,ti,l ('I'I l;,_,il++r

lll;nti<'i', toll' I+"'<_',_+ ;l+f c'tHiil;,til ill_ l,.t+a,liu, tnl :-."',',tl

,i"':-.iitv+,,l <ml'+ t<> _r,>','. it, suit.l,iliv,+, l h"' at

lr+t<tit++, OH+<+' t<i-l>"'t'l'tH'lllHll_'+' l'+lli<+ lll_'atl_ '-,lli'h

lil.t<'hille'. +it+,"+ lilu't', t,_> I,,' +,r,,uI,<l l<,r l++'>..+,+tr<'ll

+ttl'i ll]itll t, <)tits't' IHHi tit+i_'-crith'al .F,l_,li<'ali,'m....

.\m+th+,r +tlai,+t wlv<inl:,_,+, irl fav<:,t' +>i' '-.u_tt a

clu:+.ter i:-. th+, at,ilit,, t+> u.-,+' it st+ a ,h,<licate<l

machit., ,,,:ith+,,tt m-.hariti_t <'<)inl.>t,tili_ r+'+,mrco'..

with IItalt", tl"+'l':',, a> i> <'lit'id,niP,. tlt,. +a+..e with

larn;+' +,xp,+'m-,i<,+ ' tlt;+-tChille.'-,. ()lll" I)( ' <']ll.'_l('[' it",

_h,liuitelv not tlm l.,+,>t iu ,l,nalitv lli:-it ,+'.an l:,,e

a,'-,.,-,enlb]+,,l. I>u+ <:ortainlv ,lualifi+,s a..., a on,c+ of"

tli_-_ loa_t expot,sivo (in tile Los .,\ng+qes area.).

if' not the toast expensive otto in terms o{" per-

['ormance. It i.-, not difficult to ima.e;ine a pas-

sionate ocean modeler having a hard tithe de-

ciding v.h,r, th+,r to p,lr a lIonda or a P,oo,.vutf in

his her own oaralo.
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